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SPINDLE MOTOR WITH ENCAPSULATED 
STATOR AND METHOD OF MAKING SAME 

REFERENCE TO EARLIER FILED APPLICATION. 

The present application claims the benefit of the filing date under 35 

U.S.C. §1 19(e) of provisional U.S. Patent Application Serial No. 60/172,287, 
filed December 17, 1999, and of provisional U.S. Patent Application Serial No. 
60/171,817, filed December 21, 1999, both of which are hereby incorporated 
by reference. 

FIELD OF THE INVENTION 

The present invention relates to spindle motors. More particularly the 
invention relates to spindle motors with an encapsulated stator and methods 
of making the same, and hard drives utilizing the same. 

BACKGROUND OF THE INVENTION 

Computers commonly use disc drives for memory storage purposes. 
Disc drives include a stack of one or more magnetic discs that rotate and are 
accessed using a head or read-write transducer. Typically, a high-speed 
motor such as a spindle motor is used to rotate the discs. 

An example of a conventional spindle motor 1 is shown in FIG. 1. The 
motor 1 includes a baseplate 2 which is usually made from machined 
aluminum, a stator core 4, a shaft 6, bearings 7 and a disc support member 8, 
also referred to as a hub. A magnet 3 is attached to the disc support 
member or hub 8. The hub 8 may be made of steel so that it acts as a flux 
return ring. The stator core 4 is secured to the baseplate 2 using a support 
member 5. One end of the shaft 6 is inserted into the baseplate 2 and the 
other end of the shaft 6 supports bearings 7, which are also attached to the 
hub 8. A flexible electrical cable 9 may be supported on the baseplate 2. 
Wires 12 from the cable exit through holes 1 5 in the baseplate. The flexible 
cable 9 is also used to seal the baseplate so that particulate material is not 
expelled from the motor 1 . The wires 12 carry electric current to the wire 
windings 1 1 wrapped around poles formed on the core 4. Mounting holes 14 



on the baseplate are used to secure the motor to the baseplate of a housing 
for a hard disk drive or other electrical device. The hub 8 includes holes 13 
that are used to attach the media discs (not shown) to the hub 8. 

Each of these parts must be fixed at predefined tolerances with respect 
to one another. Accuracy in these tolerances can significantly enhance motor 
performance. 

In operation, the disc stack is placed upon the hub. The stator 
windings 1 1 are selectively energized and interact with the permanent 
magnet 3 to cause a defined rotation of the hub. As hub 8 rotates, the head 
engages in reading or writing activities baseplated upon instructions from the 

CPU in the computer. 

Manufacturers of disc drives are constantly seeking to improve the 
speed with which data can be accessed. To an extent, this speed depends 
upon the speed of the spindle motor, as existing magneto-resistive head 
technology is capable of accessing data at a rate greater than the speed 
offered by the highest speed spindle motor currently in production. The speed 
of the spindle motor is dependent upon the dimensional consistency or 
tolerances between the various components of the motor and the rigidity of 
the parts. Greater dimensional consistency between components and rigidity 
of the components leads to a smaller gap between the stator 4 and the 
magnet 3, producing more force, which provides more torque and enables 
faster acceleration and higher rotational speeds. In the design shown, the 
gap between the stator 4 and magnet 3 is located near the outside diameter 
of the hub 8. Thus the magnet 3 is attached to the most flexible part of the 
hub, making the spindle vulnerable to vibration caused by misalignment of the 
motor. One.drawback of conventional spindle motors is that a number of 
separate parts are required to fix motor components to one another. This can 
lead to stack up tolerances which reduce the overall dimensional consistency 
between the components. Stack up tolerances refers to the sum of the 
variation of all the tolerances of all the parts, as well as the overall tolerance 
that relates to the alignment of the parts relative to one another. 
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Another drawback to the conventional design is the cost of the 
machined baseplate 2. Unfortunately, die-casting or forging does not produce 
baseplates with sufficient precision. Therefore quality baseplates are made 
by machining the necessary surfaces and tolerances. The flexible cable 9 
also adds to the cost. Steel hubs 8 are expensive and difficult to machine. 
Aluminum hubs 8 are less expensive, but still must be extensively machined 
in the bearing area. The stator 4 is a major source of acoustic noise. Also, 
the stator assembly is difficult to clean, so that particulates are not emitted 
from the motor. 

In an effort to enable increased motor speed, some hard disc 
manufacturers have turned to the use of hydrodynamic bearings. These 
hydrodynamic bearings, however, have different aspect ratios from 
conventional bearings. An example of a different aspect ratio may be found in 
a cylindrical hydrodynamic bearing in which the length of the bearing is 
greater than it's diameter. This results in more susceptibility to problems 
induced by differing coefficients of thermal expansion than other metals used 
in existing spindle motors, making it difficult to maintain dimensional 
consistency over the operating temperature that the drive sees between the 
hydrodynamic bearings and other metal parts of the motor. Hydrodynamic 
bearings have less stiffness than conventional ball bearings so they are more 
susceptible to imprecise rotation when exposed to vibrations or shock. 

An important characteristic of a hard drive is the amount of information 
that can be stored on a disc. One method to store more information on a disc 

is to place data tracks more closely together. Presently this spacing between 

portions of information is limited due to vibrations occurring during the 
operation of the motor. These vibrations can be caused when the stator 
windings are energized, which results in vibrations of a particular frequency. 
These vibrations also occur from harmonic oscillations in the hub and discs 
during rotation, caused primarily by non-uniform size media discs. 

An important factor in motor design is the lowering of the operating 
temperature of the motor. Increased motor temperature affects the electrical 
efficiency of the motor and bearing life. As temperature increases, resistive 



loses in wire increase, thereby reducing total motor power. Furthermore, the 
Arhennius equation predicts that the failure rate of an electrical device is 
exponentially related to its operating temperature. The frictional heat 
generated by bearings increases with speed. Also, as bearings get hot they 
expand, and the bearing cages get stressed and may deflect, causing non- 
uniform rotation and the resultant further heat increase, non-uniform rotation 
requiring greater spacing in data tracks, and reduced bearing life. One 
drawback with existing motor designs is their limited effective dissipation of 
the heat, and difficulty in incorporating heat sinks to aid in heat dissipation. In 
the design of the motor 1 there is a small direct path between the stator and 
the core, which makes it difficult to cool the stator, which reduces motor 
efficiency the above reasons. Also 5x1 1 mm bearings commonly used are 
not sufficiently stable nor have a life required for desired high-speed operation 
(10,000 rpm and above). In addition, in current motors the operating 
temperatures generally increase as the size of the motor is decreased. 

Manufacturers have established strict requirements on the outgassing 

of materials that are used inside a hard disc drive. These requirements are 

intended to reduce the emission of materials onto the magnetic media or 
heads during the operation of the drive. Of primary concern are glues used to 
attach components together, varnish used to insulate wire, and epoxy used to 
protect steel laminations from oxidation. 

In addition to such outgassed materials, airborne particulate in a drive 
may lead to head damage. Also, airborne particulates in the disc drive could 
interfere with signal transfer between the read/write head and the media. To 
reduce the effects of potential airborne particulate, hard drives are 
manufactured to exacting clean room standards and air filters are installed 
inside of the drive to reduce the contamination levels during operation. 

Heads used in disc drives are susceptible to damage from electrical 
shorts passing through a small air gap between the media and the head 
surface. In order to prevent such shorts, some hard drives use a plastic or 
rubber ring to electrically isolate the spindle motor from the hard drive case. 
This rubber ring may also mechanically isolate the spindle motor from the 



hard drive case so that vibrations generated by the motor are not transmitted 
to other components in the hard drive. A drawback to this design is the 
requirement of an extra component. 

Another example of a spindle motor is shown in U.S. Patent 
No. 5,694,268 (Dunfield etal.) (incorporated herein by reference). Referring 
to FIGS. 7 and 8 of this patent, a stator 200 of the spindle motor is 
encapsulated with an overmold 209. The overmolded stator contains 
openings through which mounting pins 242 may be inserted for attaching the 
stator 200 to a baseplate. One drawback to this design is that baseplate does 
not receive any increased rigidity through this type of connection. 

U.S. Patent No. 5,672,972 (Viskochil) (incorporated herein by 
reference) also discloses a spindle motor having an overmolded stator. One 
drawback with the overmold used in these patents is that it has a different 
coefficient of linear thermal expansion ("CLTE") than the corresponding metal 
parts to which it is attached. Another drawback with the overmold is that it is 
not very effective at dissipating heat Further, the overmolds shown in these 
patents are not effective in dampening some vibrations generated by 

energizing the stator windings. 

U.S. Patent No. 5,806,169 (Trago) (incorporated herein by reference) 
discloses a method of fabricating an injection molded motor assembly. 
However, the motor disclosed in Trago is a step motor, not a high-speed 
spindle motor, and would not be used in applications such as hard disc drives. 
Thus, a need exists for an improved spindle motor, having properties that will 
be especially useful in a hard disc drive, overcoming the aforementioned 
problems. 

BRIEF SUMMARY OF THE INVENTION 

A spindle motor has been invented which overcomes many of the 
foregoing problems. In addition, unique stator and baseplate assemblies and 
other components of a high-speed motor have been invented, as well as 
methods of manufacturing such motors. In one aspect, the invention is a 
spindle motor comprising: a baseplate; a shaft supported by said baseplate; a 



stator assembly comprising a core having poles and windings around said 

poles, the stator core being rigidly attached to said baseplate; injection 
molded thermoplastic material encapsulating said windings, and a hub 
supported on said shaft, said hub having a magnet connected thereto in 
operable proximity to the stator assembly. 

In a second aspect the invention is a spindle motor comprising: a 
baseplate; a shaft supported by said baseplate; a stator assembly comprising 
a core having poles and windings around said poles, the stator assembly 
being spaced from the baseplate; a hub supported on said shaft, said hub 
having a magnet connected thereto in operable proximity to the stator 
assembly; and a thermoplastic material secured to the baseplate and 
encapsulating the stator windings, the thermoplastic material joining the stator 
assembly to the baseplate in the space between the stator assembly and the 
baseplate. 

In another aspect the invention is a baseplate and stator combination 
comprising: a baseplate; a stator assembly comprising a core having poles, 
and windings around said poles; and an injection molded thermoplastic 
material encapsulating the windings and also locking the stator assembly to 
the baseplate, the baseplate and stator assembly not being in direct contact 
with one another but rather having a space between them filled in by the 
thermoplastic material. 

In yet another aspect the invention is a spindle motor comprising: 
baseplate made of stiff thermoplastic material, having a modulus of elasticity 
of at least 1 ,000,000 psi, and a metal plate substantially encapsulated by the 

stiff thermoplastic material; a shaft supported by said baseplate; a stator 
assembly comprising a core having poles and windings around said poles; a 
hub supported on said shaft, said hub having a magnet connected thereto in 
operable proximity to the stator assembly; and a vibration dampening 
thermoplastic material encapsulating the stator windings, the vibration 
dampening thermoplastic material having a vibration dampening ratio of at 
least 0.05 in the range of 0-500 Hz and joining the stator assembly to the 
baseplate. 



In another aspect the invention is a method of manufacturing a spindle 
motor comprising the steps of: providing a baseplate, a hub having a magnet 
connected thereto and a stator assembly comprising a core having poles and 
windings around said poles; rigidly attaching the stator core to the baseplate; 
injection molding a thermoplastic material to encapsulate the windings after 
the core is attached to the baseplate, and mounting the hub on a shaft 
supported on the baseplate so that the magnet on the hub is in operable 
proximity to the stator assembly and so that the hub can rotate with respect to 
the stator. 

In another aspect the invention is a method of manufacturing a spindle 
motor comprising the steps of: providing a baseplate, a stator assembly 
comprising a core having poles and windings around said poles, and a hub 
having a magnet connected thereto; injection molding a thermoplastic material 
to encapsulate the windings and in between the baseplate and stator 
assembly so as to secure the stator assembly to the baseplate sufficiently to 
allow the rigidity of the core to help stiffen the baseplate, and rotatably 
mounting the hub on a shaft rigidly supported on the baseplate so that the 
magnet on the hub is in operable proximity to the stator assembly. 

In another aspect the invention is a method of manufacturing a spindle 
motor comprising the steps of: providing a metal baseplate insert, a hub 

having a magnet connected thereto and a stator assembly comprising a core 
having poles and windings around said poles; holding the baseplate insert 
and stator assembly in an injection mold and injection molding a thermoplastic 
material so as to substantially encapsulate the baseplate insert and the 
windings and secure the stator assembly and baseplate insert together; and 
rotatably mounting the hub on a shaft rigidly supported on the combined 
encapsulated baseplate insert and stator assembly so that the magnet on the 
hub is in operable proximity to the stator assembly. 

In another aspect the invention is a spindle motor comprising: a 
baseplate; a shaft supported by said baseplate; a coreless stator assembly 
comprising windings encapsulated in a thermoplastic material; and a hub 
rotatably supported on said shaft, said shaft having a magnet connected 



thereto in operable proximity to the stator assembly, the hub also including a 
flux return ring supported opposite the magnet so that the stator assembly is 
located between the flux return ring and the magnet. 

The invention provides the foregoing and other features, and the 
advantages of the invention will become further apparent from the following 
detailed description of the presently preferred embodiments, read in conjunction 
with the accompanying drawings. The detailed description and drawings are 
merely illustrative of the invention and do not limit the scope of the invention, 
which is defined by the appended claims and equivalents thereof. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 
FIG. 1 is a cross-sectional view of a prior art high-speed motor. 
FIG. 2 is a cross-sectional view of a high-speed motor in accordance 

with the first embodiment of the present invention. 

FIG. 3 is a cross-sectional view of the encapsulated stator used in the 

motor of FIG. 2. 

FIG. 4 is a cross-sectional view of a high-speed motor in accordance 
with a second embodiment of the present invention. 

FIG. 5 is a plan view of a lamination used in the core of the stator of the 
high-speed motor of FIG. 4. 

FIG. 6 is a plan view of the stator of the high-speed motor of FIG. 4. 

FIG. 7 is a cross-sectional view of the stator shown in FIG. 6 taken 
along line 7-7. 

FIG. 8 is an elevational view of the ferrule used in the high-speed 
motor of FIG. 4. 

FIG. 9 is an elevational and partial cross-sectional view of the shaft 
used in the high-speed motor of FIG. 4. 

FIG. 10 is a top plan view of the baseplate used in the high-speed 
motor of FIG. 4. 

FIG. 11 is a cross-sectional view taken along line 11-11 of FIG. 10. 
FIG. 12 is a cross-sectional view of the hub used in the high-speed 
motor of FIG. 4. 



FIG. 13 is a cross-sectional view of a high-speed motor in accordance 
with a third embodiment of the present invention. 

FIG. 14 is a cross-sectional view of a high-speed motor in accordance 
with the fourth embodiment of the present invention. 

FIG. 15 is an exploded view of a hard disc drive of the present 
invention. 

DETAILED DESCRIPTION OF THE DRAWINGS AND PREFERRED 
EMBODIMENTS OF THE INVENTION 

First Embodiment 

A first embodiment of a high-speed motor of the present invention is 
shown in FIGS. 2-3. By "high-speed" it is meant that the motor can operate at 
over 5,000 rpm. The spindle motor 20 is designed for rotating a disc or stack 
of discs in a computer hard disc drive. Motor 20 is formed using an 
encapsulation method to encapsulate the stator windings. 

Referring to FIGS. 2-3, a stator assembly 21 is first constructed, using 
conventional steel laminations 24a, 24b, etc forming a magnetically inducible 
core 24 having a plurality of poles thereon, and wire windings 31 which serve 
as conductors. The conductors induce or otherwise create a plurality of 
magnetic fields in the core when electrical current is conducted through the 
conductors. In this embodiment, a magnetic field is induced in each of the 
poles. Once the windings are in place, the wire 31 is encapsulated with a 
thermoplastic material 36, described in more detail hereafter, and the core 24 
is substantially encapsulated by the material 36 (FIG. 3). 

Substantial encapsulation means that the material 36 either entirely 
surrounds the core 24 or surrounds almost all of it except for minor areas of 
the core 24 that may be exposed, such as the face of the poles. However, 
substantial encapsulation means that the material 36, wire 31 and core 24 are 
rigidly fixed together, and behave as a single component with respect to 
harmonic oscillation vibration. 

As shown in FIG. 2, a shaft 26 is connected to the baseplate 22 and is 
surrounded by bearings 27. A rotor or magnet 23 is fixed to the inside of the 
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hub 28 so as to be in operable proximity to the stator 21 . The magnet 23 is 
preferably a permanent magnet, as described below. The baseplate 22 
includes a flex cable 29 as in the motor of FIG. 1 . Wires 32 may be coupled 
to a control circuit board (not shown) for the motor 20. Alternatively the 
connector may be a flexible circuit with copper pads allowing spring contact 
interconnection. 

The baseplate 22 is generally connected to the hard drive case (not 
shown). Connecting members (not shown), such as screws, may be used to 
fix the baseplate 22 to the hard drive case, using holes 34. Alternatively, 
other types of mounting features such as connecting pins or legs may be 
formed as part of the baseplate 22. Alternatively, the baseplate of the motor 
may constitute the baseplate section of the hard drive housing. 

The thermoplastic material 36 is preferably a thermally conductive but 
non-electricalty conductive plastic. In addition, the plastic preferably includes 
ceramic filler particles that enhance the thermal conductivity of the plastic. A 
pre f errec | f or m of plastic is polypheny! sulfide (PPS) sold under the tradename 

"Konduif by LNP. Grade OTF-2 12 PPS is particularly preferred. Another 

preferred thermoplastic material is a liquid crystal polymer sold by LNP. 
Examples of other suitable thermoplastic resins include, but are not limited to, 
thermoplastic resins such as 6,6-polyamide, 6-polyamide, 
4,6-polyamide, 12,12-polyamide, 6,12-polyamide, and polyamides containing 
aromatic monomers, polybutyiene terephthalate, polyethylene terephthalate, 
polyethylene napththalate, polybutyiene napththalate, aromatic polyesters, 
liquid crystal polymers, polycyclohexane dimethylol terephthalate, 
copolyetheresters, polyphenylene sulfide, polyacylics, polypropylene, 
polyethylene, polyacetals, polymethylpentene, polyetherimides, 
polycarbonate, polysulfone, polyethersulfone, polyphenylene oxide, 
polystyrene, styrene copolymer, mixtures and graft copolymers of styrene and 
rubber, and glass reinforced or impact modified versions of such resins. 
Blends of these resins such as polyphenylene oxide and polyamide blends, 
and polycarbonate and polybutyiene terephthalate, may also be used in this 
invention. 



Referring to FIG. 2, the bearings 27 include an upper bearing and a 
lower bearing. Also, each bearing 27 has an outer surface and an inner 
surface. The outer surface of the bearings contacts the hub 28. The inner 
surfaces of the bearings 27 contact the shaft 26. The bearings are preferably 
annular shaped. The inner surfaces of the bearings 27 may be press fit onto 
the shaft 26. A glue may also be used. The outer surface of the bearings 27 
may be press fit into the interior portion of the hub 28. A glue may also be 
used. The bearings in the embodiment shown in FIG. 2 are ball bearings. 
Alternatively other types of bearings, such as hydrodynamic or combinations 
of hydrodynamic and magnetic bearings, may be used. The bearings are 
typically made of stainless steel. 

The shaft 26 is concentrically supported by the baseplate 22. The 
shaft 26 includes a top portion and a bottom portion. The top portion of the 
shaft 26 supports the hub 28. The bottom portion of the shaft 26 is rigidly 
fixed to the baseplate 22. Thus, in this embodiment, the hub 28 is freely 
rotatable relative to the shaft 26 and baseplate 22. The shaft 26 is preferably 
cylindrical shaped and may be made of stainless steel. 

The hub 28 is concentrically disposed around the shaft 26. The hub 28 
is spaced apart from the stator 21 . The hub 28 is preferably made of steel so 
that the portion of the hub 28 adjacent the magnet 23 provides a flux return 
ring. The magnet 23 is glued to the hub 28. As shown in FIG. 2, the 
magnet 23 concentrically surrounds the stator 21 . 

The magnet 23 is preferably a sintered part and is one solid piece. The 
magnet 23 is placed in a magnetizer which puts a plurality of discrete North 

and South poles onto the magnet 23, dependant on the number of poles on 
the stator 21 . Holes 33 in the top of the hub 28 are used to attach the 
magnetic media used in hard drive, just as with motor 10. 

Operation of the First Embodiment 

In operation, the spindle motor shown in FIGS. 2-3 is driven by 
supplying electrical pulses to the wires 32. These pulses are used to 
selectively energize the windings 31 around the stator poles. This results in a 
moving magnetic field. This magnetic field interacts with the magnetic field 
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generated by the magnet 23 in a manner that causes the magnet 23 to rotate 
about the stator 21 . As a result, the hub 28 begins to rotate about the 
shaft 26. The bearings 27 facilitate the rotation of the hub 28. 

Discs or a disc stack (not shown) that are placed upon the hub are 
caused to rotate as the hub 28 rotates. A head (not shown) then reads and 
writes data to and from the discs. 

Method of Making the First Embodiment 

The encapsulated stator shown in FIGS. 2 and 3 is made in part using 
an encapsulation technique. This encapsulation technique involves the 
following steps. First, a mold is constructed to produce a part with desired 
geometry. The mold has two halves. The stator core with windings 31 
thereon is placed within the mold and the two halves are closed. Core pins 
hold the stator core 24 in its correct position. Second, using solid-state 
process controlled injection molding, plastic is injected through one or more 
gates around the stator, so as to encapsulate the stator. As plastic flows in, 
core pins are withdrawn so that the plastic completely surrounds the windings 
31 and most if not all of the core 24, thus forming the stator assembly 21 
(FIG. 3). 

A core support 25 is used to support the core 24 and transfer the 
rigidity of the encapsulated stator 21 to the baseplate 22. In other 
embodiments, the support 25 may simply be formed as part of the 
baseplate 22. The encapsulated stator 21 is press fit into the support 25. 

The shaft 26 is press fit and possibly glued into the baseplate 22. 
Next, glue is placed on the inner and outer bearing surfaces and the bearings 
are press fit onto the shaft and into the interior portion of the hub 28. 

After the spindle motor is assembled, it can be used to construct a hard 
disc drive by using the holes 34 to mount the motor to the baseplate of the 
hard disc drive. Thereafter, construction of the hard disc drive can follow 
conventional methods. 
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Advantages of the First Embodiment 

An advantageous feature of the first embodiment is provided by the 

fact that the thermoplastic material 36 is preferably a monolithic body or 
monolithically formed using an encapsulation technique. This monolithic body 
provides a single structure that holds the core laminations 24a, 24b etc. and 
wire 31 together. 

The preferred thermoplastic material 36 is a type of thermoplastic with 
a CLTE similar to that of the steel hub 28. This in turn facilitates optimal fits 
between the stator and the hub 28. 

Through the use of the present embodiment, a particular plastic may 
be chosen for the material 36 that has properties of vibration dampening ratio 
and modulus of elasticity, as well as rockwell hardness, flex modulus, and 
elongation, that are specifically designed to counteract the vibratory 
frequencies generated by the motor. Thus, the disclosed spindle motor 
substantially reduces motor vibration. This reduced vibration allows 
information on a disc to be stored closer together, thereby enabling higher 
data density. The encapsulation also reduces acoustic emissions from the 
motor, making it quieter. 

As discussed above, controlling heat dissipation in conventional 
spindle motors is difficult to achieve. A particular plastic may be chosen for 
encapsulating the stator 21 is designed to facilitate heat dissipation. By 
putting this material in intimate contact with the motor windings and then 
creating a solid thermal conductive pathway to the housing of the drive, 
overall motor temperature may be reduced. 

The disclosed spindle motor also reduces the emission of materials 
from the motor components onto the magnetic media or heads of the disc 
drive. This is achieved because components such as the stator, which 
potentially emit such materials, are substantially encapsulated in plastic. 

In addition, the disclosed spindle motor obviates the necessity of a 
separate plastic or rubber ring sometimes used to isolate the spindle motor 
from the hard drive in order to prevent shorts from being transferred to the 
magnetic media and ultimately the read-write heads. Because the stator 21 is 
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preferably encapsulated in a non-electricaily conductive (having a dielectric 
strength of at least 250 volts/mil) and injectable thermoplastic material, such a 
separate rubber isolating ring is unnecessary. This reduces manufacturing 
costs the encapsulation of the stator eliminates the need to paint the stator, 
which is usually done to prevent corrosion of the steel laminations. 

Second Embodiment 

Referring to FIGS. 4-12, a second embodiment of the spindle motor 40 
is shown. This embodiment is similar to the embodiment shown in FIGS. 2-3 
and like components are labeled with similar reference numerals with an 
addend of 20. The primary difference between the first embodiment and the 
second embodiment is that in the second embodiment, the stator assembly 41 
is mounted to the baseplate 42 in a different manner. Instead of the core 44 
being held by a support plate, the stator 41 is secured to the baseplate by 
having the thermoplastic material 56 that encapsulates the windings 51 also 
join the stator assembly 41 to the baseplate 42. There is a space between 
the stator assembly 41 and the baseplate 42, and this space is filled in by the 
thermoplastic material 56. In this embodiment the baseplate 42 has a plurality 
of holes 55 through it, and the thermoplastic material 56 is secured to the 
baseplate 42 by filling in the holes 55. As shown in FIG. 4, the holes are 
enlarged on the side of the baseplate opposite to the stator assembly 41 , and 
the thermoplastic material is thus locked to the baseplate 42 as it solidifies 
during the molding process. 

Another significant improvement with the motor 40 is the use of a 
ferrule 49 to construct the hub. In this embodiment, an aluminum outer hub 
member 48 is attached to a steel ferrule 49. Bearings 47 are interposed 
between the ferrule 49 and the shaft 46. The magnet 43 is attached to the 
ferrule 49. A spacer 59 is attached to the inside of the ferrule 49 between the 
bearings 47. A seal ring or gap seal 58 is attached to the inside top portion of 
the ferrule 49, but not to the shaft 46. This seal ring helps to prevent any 
particulate generated within the motor from escaping into the hard drive. 
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As best seen in FIG. 8, the ferrule 49 preferably has two grooves 60 
and 61 but more grooves could be used. These grooves collect and retain 
any excess glue when the ferrule 49 is connected to the magnet 43 and outer 
hub member 48. The shaft 46 has similar grooves 62 and 63 (FIG. 9), so that 
any excess glue present when the bearings 47 are attached will have a place 
to collect. Preferably an anaerobic glue is used, which cures rapidly when it is 
in a thin film and not exposed to oxygen. A hole 64 is preferably formed in the 
top of the shaft 46. The hole 64 is used to secure the top housing of the hard 
drive to the motor. 

The baseplate 42 (FIGS. 10 and 11) has three apertures 66 formed in 
recessed areas 65 that are used to secure the motor 40 to a hard drive 
housing. Four holes 69 are formed in a recessed area 68 of the baseplate 42. 
These holes are for connector pins (not shown). In one preferred method of 
construction, leads from the windings 51 are cold welded to connector pins. 
The pins are smaller than the holes 69. The baseplate 42 and stator 
assembly are placed in an injection molding machine and held in their desired 
relationship, with the connector pins passing through the holes 69. 
Thermoplastic material 56 is injected to encapsulate the stator 41 . The 
thermoplastic fills holes 55 as previously described. It also fills gaps between 
holes 69 and the connector pins. All of the holes in the baseplate are thus 
sealed with the thermoplastic material. The wires are encapsulated in the 
thermoplastic material 56, and the expense of the flex cable is thus avoided, 
and the process seals the baseplate at the same time the stator core and 
windings are encapsulated. Of course the wires may be fed through one of 
the holes 55 and left as pig tails for later electrical connection. In that 
embodiment the recessed area 68 and holes 69 would be eliminated and 
additional holes 55 would be used instead. The thermoplastic material 56 
would then seal the hole 55 through which the wires passed. 

The outer hub 48 (FIG. 12) is a fairly simple piece and can be easily 
machined. The use of a steel ferrule allows the hub to be fairly stiff, yet the 
weight is kept low because most of the hub is still aluminum. Also, in this 
embodiment, the magnet is located adjacent the inside diameter of the stator 
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assembly 41 . In that regard, the poles 45 are formed on the inside diameter 
of the stator laminations 44a, 44b, etc (FIGS. 5-6). 

One of the advantages of the design of the motor of FIG. 4 is that a 
complex shaped hub, which is expensive and difficult to machine, is replaced 

by two simple and inexpensive parts, an outer hub member with a relatively 

simple geometry (FIG. 12), and a simple annular steel tube formed into ferrule 
49. The motor 40 has a compact design, and is optimized with a built-in flux 
return. 

Third Embodiment 

FIG. 13 shows a third embodiment of the invention, using a "coreless" 
stator 71 . In this embodiment, there are no steel laminations or core. 
Instead, the windings 81 are formed in a basket weave in a cylindrical shape. 
The wire forms poles in the cylinder by the way that wire from different 
windings are spaced around the cylinder. Coreless motors are known, but are 
difficult to manufacture because once the wire is woven and removed from a 
mandrel on which it is made, there is nothing to keep the cylindrical shape 

except the stiffness of the wire, which is usually insufficient. 

Even though there are no steel laminations with poles to concentrate 
the magnetic flux, a coreless motor design has the benefit that there is no 
cogging torque as the motor spins, and also there are no core losses from 
eddy currents in the stator core and hysteresis losses that normally occur 
when a magnet passes an iron object, such as would happen if the poles in 
magnet 73 passed steel lamination as the hub 78 rotates. 

In the motor 70, the coreless stator can be used because the wires 
making up the winding are encapsulated with thermoplastic material 86. 
Preferably holes 85 are formed in the baseplate 72, and the windings 81 and 
baseplate 72 are placed in an injection mold. Thermoplastic material 86 fills 
all the interstices of the windings 81 and the holes 85 in the baseplate. The 
result is an encapsulated stator that is fixed to the baseplate 72. 

Another advantage of the preferred design of motor 70 is that a flux 
return ring 75 can be mounted on the hub 78 outside of the core and the 
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ferrule 79 also acts as a flux return ring. Importantly, both of these rotate with 
the magnet 73 that is also attached to the hub 78. Thus in this design there 
are two flux return rings, one in front of the magnet and one behind it, but both 
steel rings are rotating with the magnet. As a result, there are no hysteresis 
losses as the iron atoms in the steel maintain their same orientation with 
respect to the magnet 73 at all times. The spacer 89, seal ring 88, 
bearings 77 and shaft 76 serve the same function as the same parts 
described for motor 40. 

Fourth Embodiment 

FIG. 14 shows a fourth embodiment, motor 100. Motor 100 is very 
similar to motor 40 of FIG. 4, and thus like components are numbered 
similarly but differ by an addend of 60. Thus the bearings 107, shaft 106, 
spacer 119, seal ring 118, core 104, windings 111, ferrule 109, magnet 103 
and outer hub member 108 are just the same as their counterparts in motor 
40. The main difference is that in motor 100, the baseplate 102 is made of 
thermoplastic material and includes a stiffening plate 105. The plate is 
preferably metal, and can be a simple stamped piece of steel. Preferably 
plate 105 has holes 1 15 through it. The thermoplastic material 1 16 not only 
substantially encapsulates the winding 111 and core 104, but is formed as 
one monolithic piece, encapsulating the plate 105 and forming the baseplate 
1 02. While it is difficult to die cast or forge aluminum with the tolerances 
necessary to form baseplates 22, 42 and 72, thermoplastic materials can be 
injection molded to tighter tolerances. Hence, the baseplate 102 can be 
inexpensively formed at the same time the stator core and winding are 
encapsulated. The holes 1 15 through the plate 105 help promote a secure 
connection between the baseplate 102 and the stator portion. 

Especially in this embodiment, but preferably in each of the motor 
designs, the thermoplastic that is used will be one with a high modulas of 
elasticity, making it stiff. Preferably the modulas of elasticity will be at least 
1 ,000,000 psi at 25°C, more preferably at least 3,000,000 psi at 25°C, and 
most preferably at least 5,000,000 psi at 25°C. A preferred thermoplastic 
material in this regard is "Konduit" or ceramic filled liquid crystal polymer, 
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different versions of which have been measured to have a modulas of 
elasticity in the range 3,000,000 psi to about 5,000,000 to 25°C. 

The stiffness needed for the baseplate 102 is important, though not as 
critical, for the thermoplastic that surrounds the windings 111. For that 
material, its vibration dampening ratio is more important. It is preferred that 
the thermoplastic encapsulating the stator have a vibration dampening ratio of 
at least 0.05 in the range of 0-500 Hz, and more preferably at least 0.1. 
Many plastics have this type of vibration dampening ratio, but do not have the 
stiffness that is preferred. More preferably, the thermoplastic material will 

have a vibration damping ratio of at least 0.3 in the range of 0-500 Hz, and 

most preferably a vibration dampening ratio of at least 0.5 in the range of 
0-500 Hz. 

Some of the advantages of the motors 40, 70 and 1 00 are that the 
ferrule can be a precision steel tube, eliminating the complex machining of a 
hub. The stator is fixed to the baseplate by the thermoplastic material. This 
allows stiffness from the core in motors 40 and 100 to help stiffen the 
baseplate, and thus more rigidly support the shaft, but the vibrations from the 
stator are dampened from transferring to the baseplate and thus to the shaft. 
By fixing the stator to the baseplate using the thermoplastic material, complex 
machining of the baseplate can be avoided. The magnetics of the motor are 
optimized, reducing the volume (size) of the motor, and also reducing the 
vibration. If the thermoplastic material has a high thermal conductivity, there 
is an improved heat path to the baseplate, and thus better cooling and 
resulting improved motor efficiency. With the magnet on the inside of the 
stator, there is better stability and balance. Larger bearings (5X13 mm) can 
be used, also increasing stability, and allowing for high-speed operation and 
longer lifetimes. 

The bearings are preferably preloaded when the motors are 
constructed, as is common practice. The core lamination (where used) are 
preferably made from M-15 silicon iron steel, insulated on each side, and 
annealed after stamping, which is also common practice. The stack of 
laminations is preferably epoxy coating prior to winding. The ferrule, spacer, 
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seal ring and shaft are each preferably made from 430 stainless steel and 
passivated. 

Besides holes 55 and 85 in the baseplate, the thermoplastic material 
could be caused to adhere to the baseplate in some other fashion. For 
example, a channel could be formed in the baseplate, or a projection on the 
baseplate could jut out. Also, it may be possible that a simple adhesion to a 
textured but otherwise flat surface would be possible. 

The ferrule may be press fit in the aluminum hub to take out small 
imperfections in the roundness of the hub. The magnet, spacer, and bearings 
are then glued in place. 

The windings in motors 20, 40 and 100 are preferably standard wye 

windings. 

The increased stiffness from unitizing the stator and the baseplate 
increases the resonance point of the motors. 

The designs as shown use fixed shafts. However, the designs could 
be modified so that the bearings are fixed to the baseplate and the shafts are 
rigidly attached to the hub and spin with the hub. 

While ball bearings have been used in each of the embodiments, 
hydrodynamic bearings and magnetic bearings could be used. 

FIG. 15 shows a hard disc drive 152 that incorporates one of the 
motors 20, 40, 70 or 100. The baseplate of the motor is attached to the 
baseplate 154 of the hard disc drive 152. A shaft 156 supported by the 
baseplate 154 is used to support the read/write head 164 in operable 
proximity to one or more discs 168 supported on a hub of the motor. The 
hard disc drive 152 preferably includes other components, such as a circuit 
board 170, wiring, etc. that is commonly used in hard disc drives and 
therefore not further described. Of course, a cover 172 is preferably included 
and attached to the baseplate assembly by conventional methods. The cover 
and baseplate assembly cooperate to form a housing for the hard disc drive 
154. 

Preferably the thermoplastic material has a coefficient of linear thermal 
expansion (CLTE) such that the material contracts and expands at 
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approximately the same rate as the solid parts to which it is attached. For 
example, the preferred thermoplastic material should have a CLTE between 
70% and 130% of the CLTE of the core of the stator. When it contacts more 
than one solid part, the thermoplastic material should have a CLTE that is 
intermediate the maximum and minimum CLTE of the solid parts it is in 
contact with. Also, the CLTE's of the material and solid part(s) should match 
throughout the temperature range of the motor during its operation. An 
advantage of this method is that a more accurate tolerance may be achieved 
between the thermoplastic material and the solid parts because the CLTE of 
the thermoplastic material matches the CLTE of the solid parts more closely. 

Most often the solid parts will be metal, and most frequently steel, 
copper and aluminum. The solid parts could also include ceramics. In almost 
all motors there will be metal bearings. It is preferred that the thermoplastic 
material has a CLTE approximately the same as that of the metal used to 

make the bearing. 

Most thermoplastic materials have a relatively high CLTE. Some 
thermoplastic materials may have a CLTE at low temperatures that is similar 
to the CLTE of metal. However, at higher temperatures the CLTE does not 
match that of the metal. A preferred thermoplastic material will have a CLTE 
of less than 2 x 10" 5 in/in/°F, more preferably less than 1 .5 x 10~ 5 in/in/°F, 
throughout the expected operating temperature of the motor, and preferably 
throughout the range of 0-250°F. Most preferably, the CLTE will be between 
about 0.8 x 10" 5 in/in/°F and about 1 .2 x 10" 5 in/in/°F throughout the range of 
0-250°F. (When the measured CLTE of a material depends on the direction 
of measurement, the relevant CLTE for purposes of defining the present 
invention is the CLTE in the direction in which the CLTE is lowest.) 

The CLTE of common solid parts used in a motor are as follows: 



23°C 



250°F 



Steel 



0.5 



0.8 (x10- 
1.4 



5 in/in/°F) 



Aluminum 



0.8 



Ceramic 



0.3 



0.4 
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Of course, if the motor is designed with two or more different solids, 
such as steel and aluminum components, the CLTE of the thermoplastic 
material would preferably be one that was intermediate, the maximum CLTE 
and the minimum CLTE of the different solids, such as 0.65 in/in/°F at room 
temperature and 1.1 x10' 5 in/in/°F at 250°F. 

One preferred thermoplastic material, Konduit OFT-22-1 1 , was made 
into a thermoplastic body and tested for its coefficient of linear thermal 
expansion by a standard ASTM test method. It was found to have a CLTE at 
23°C of 1 .09x1 0" 5 in/in/°F in the X direction and 1 .26x1 0" 5 in/in/°F in both the Y 
and Z directions. (Hence, the relevant CLTE for purposes of defining the 
invention is 1.09 x 10" 5 in/in/°F.) 

In addition to having a desirable CLTE, the preferred thermoplastic 
material will also have a high thermal conductivity. A preferred thermoplastic 
material will have a thermal conductivity of at least 0.7 watts/meter°K using 
ASTM test procedure 0149 and tested at room temperature (23°C). 

Once encapsulated, the stator assembly will preferably be able to meet 
disc drive manufacturers' industry standards for particulate emission, requiring 
that when tested the parts will produce 10 or fewer particles of 0.3 micron and 
larger per cubic foot of air. This is primarily because machined mounting 
plates are eliminated and other sources of particulates (steel laminations, 
wound wire and wire/terminal connections) are sealed in the encapsulation. 

Also, the encapsulation reduces outgassing because varnish used to 
insulate wire in the windings and epoxy used to prevent steel laminations from 
oxidizing are hermetically sealed inside the stator assembly. Also, with fewer 
parts there is less glue needed to hold parts together. This reduced 
outgassing reduces the amount of material that could affect the magnetic 
media or heads used in the disc drive. 

Another benefit of the preferred embodiment of the invention described 
above is that the motor has dampened vibrations which makes it particularly 
well suited to make a hard disc drive. The dampened vibrations can be either 
in the audible frequency range, thus resulting in a disc drive with less audible 
noise, or in other frequencies. As mentioned earlier, the degree to which data 
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can be packed onto a hard drive is dependent on how close the data tracks 
are spaced. Due to reduced vibrations resulting from aspects of the present 
invention, the data tracks can be more closely spaced and the hard drive still 
operated. 

The vibrations of concern are generally produced by harmonic 
oscillations. The thermoplastic material can be selected so as to dampen 
oscillations at the harmonic frequency generated by operation of the motor, 
many of which are dependent on the configuration of the windings or other 
conductors. 

There are a number of properties of the thermoplastic material that can 
be varied in a way that will allow the material to dampen different harmonic 
frequencies. This includes adding or varying the amount of glass, Kevlar, 
carbon or other fibers in the material; adding or varying the amount of ceramic 
filler in the material; changing the type of material, such as from polyphenyl 
sulfide to nylon or other liquid crystal polymers or aromatic polyesters, adding 
or grafting elastomers into a polymer used as the phase change material; and 
using a different molecular weight when the phase change material is a 
polymer. Any change that affects the flex modulus, elongation or surface 
hardness properties of the phase change material will also affect its vibration 
dampening characteristics. 

In addition to the above-discussed embodiments, a similar structure 
and method of manufacture can be employed in spindle motors used in other 
types of applications. For example, these high-speed motors could be used in 
CD, DVD players, videocassette systems, digital cameras and in robotic 
servomotors. 

While the embodiments of the invention disclosed herein are presently 
considered to be preferred, various changes and modifications can be made 
without departing from the spirit and scope of the invention. The scope of the 
invention is indicated in the appended claims, and all changes that come . 
within the meaning and range of equivalents are intended to be embraced 
therein. 



